Background: One-third of the present adults in South Korea are obese, and previous studies have demonstrated that sleep duration is considered a risk factor for obesity. Hence, I assessed the relationship between sleep duration and body mass index in a South Korean adult population.
INTRODUCTION
Obesity is a medical condition in which excess body fat accumulates to the extent that it can have a negative impact on human health. Obesity is a main risk factor for noncommunicable diseases such as heart disease, type 2 diabetes, obstructive sleep apnea, cancer, and osteoarthritis [1] .
Obesity is mainly caused by lifestyle and genetic factors.
The major lifestyle risk factors for obesity are excessive food intake and lack of physical activity [2] . At present, we are facing a major obesity pandemic around the globe.
In 2014, 600 million adults (13%) and 42 million young children under five were obese around the world [3] . With this trend, the American Medical Association (AMA) categorized obesity as a disease in 2013 [4, 5] . In South Korea, the prevalence of obesity among adults (over the age of 19) has consistently increased from 1998 to 2013 (Fig. 1 ).
According to Korea Health Statistics 2013, the prevalence of obesity was 32.5% for adults (over the age of 19) 
In other words, one-third of the present adults in
South Korea are obese. In addition, the average amount of sleep per night reported in South Korean adults was 6.7 hours in 2013 [6] . The American National Sleep Foundation recommended that the ideal sleep duration for adults ) is 7 to 9 hours a day [7] . Numerous studies have
shown that short sleep duration (less than 7 hours a day) was related to higher body mass index among adults. In longitudinal studies, Hasler et al. (2004) asserted that there was a strong association between short sleep duration (less than 6 hours a day) and obesity, with an adjusted odds ratio of 0.50 for sleep duration predicting obesity over a 13-year period [8] . According to 6-year prospective data from the Quebec Family Study, short sleepers (sleeping 5-6 hours a day) were more likely to be obese than normal sleepers (sleeping 7-8 hours a day) [9] .
In cross-sectional studies, Ford et al. (2014) asserted that short sleepers (sleeping less than 6 hours a day) were as much as 1.7 kg/m 2 heavier than long sleepers (sleeping more than 7 hours a day) [10] . Grandner et al. (2015) claimed that short sleep duration was associated with higher BMI among adults (18-49 years) [11] . Nathaniel et al. (2010) maintained that short sleep (sleeping less than 7 hours a day) was associated with increased BMI after adjusting for genetics and shared environment [12] . Park et al. (2007) argued that there was a negative association between sleep duration and body mass index among Korean adults after controlling for the potential confounding variables [13] .
However, all of these studies used conventional regression techniques that were not adjusted for the selection bias present in observational studies [14, 15] . Hence, these studies have been limited in determining whether there is a causal effect of sleep duration on body mass index. To identify a more robust measure of the association between sleep duration and body mass index, propensity score matching is applied in the present study.
MATERIALS AND METHODS

Study design and participants
This study used data from the sixth Korea National 
Measures
1) Sleep duration
I treated sleep duration as a binary index variable (long sleepers: sleeping more than 7 hours a day; short sleepers:
sleeping less than 7 hours a day) based on response to the following item: How many hours do you sleep a day?
2) Body mass index
Body mass index is calculated by dividing weight by height squared and is closely connected with both percentage body fat and total body fat [17] . [19] . I treated BMI classification as a binary index variable (Normal: BMI ≤ 24.9; Obesity: ≥25.0).
3) Covariates: Obesity-related factors
Excessive body weight is related to various diseases such as cardiovascular diseases, type 2 diabetes, obstructive sleep apnea, cancer, osteoarthritis, and asthma. As a result, obesity has been known to decrease life expectancy [20] . Obesity is caused by various socio-demographic and health behavior factors. These socio-demographic factors include gender, education, and income. Among men, obesity prevalence is generally similar at all income and education levels, with a tendency to be slightly higher at higher income and education levels. Among women, in contrast, obesity prevalence increases as income and education decrease [16] . Second, health behavior factors including excessive food intake and physical activity level are known risk factors for obesity [21] [22] [23] [24] .
(1) Socio-demographic variables 
2) Chi-square test
Chi-square test was performed to compare the distribution of covariates before and after propensity score matching. Statistical analysis was conducted using SPSS (version 23.0, SPSS Inc., Chicago, IL).
3) Multiple logistic regression
Multiple logistic regression was performed to analyze the association between sleep duration and body mass index among South Korean adults before and after propensity score matching. The independent variable was sleep duration, and the dependent variable was body mass index.
Covariates were other obesity-related factors such as age, gender, education, household income, job, sedentary behaviors, physical activity, and average daily calorie intake. I divided the regression analysis into two parts. Using the full sample (pre-matching sample) of South Korean adults, I
first generated a logistic regression model. After propensity score matching, I performed logistic regression analysis using the reduced sample (post-matching sample) containing only matched cases. Statistical analysis was conducted using SPSS (version 23.0, SPSS Inc., Chicago, IL) (Fig. 2) . 
RESULTS
Fig . 3 shows the histograms before and after propensity score matching. The histograms before matching show some differences. In contrast, the histograms after matching are very similar. Hence, Fig. 3 shows that matching worked very well. Table 1 The mechanism through which short sleep increases body mass index has not been clearly defined. Some possible mechanisms have been suggested such as insulin and glucose dysregulation, [29] an orexigenic pattern due to decreased leptin and increased ghrelin, [30] increased caloric consumption or other dietary changes, [31] increased systemic inflammation, [32] and reduced physical activity caused by increased daytime sleepiness [33] . The significance of the present research study is as follow. This study is observational using secondary data. Unlike experimental studies, observational studies are susceptible to potential confounding factors such as selection bias [14, 15] . In order to control selection bias, propensity score matching is applied in the study. This study is significant in the sense that it was a first attempt to apply propensity score matching to analyze the relationship between sleep duration and body mass index for improving the accuracy of study in South Korea.
My results should be considered in light of several limitations. First, the study design is cross-sectional. Hence, I was not able to confirm the temporal causal relationship between sleep duration and body mass index. Second, I analyzed a relatively small sample size because the health interview and nutrition survey were conducted by self-reported survey, which might yield a lot of missing information.
Third, I only focused on the relationship between short sleep duration (sleeping less than 7 hours a day) and obesity.
Hence, follow-up study needs to be conducted about the obesity risk of long sleep duration (sleeping more than 9 hours a day).
In conclusion, there was a negative relationship between sleep duration and body mass index among South Korean adults. This finding suggests that South Korean adults who reported sleeping more than 7 hours a day were linked to decreased body mass index. Hence, the proper amount of sleep is necessary to reduce the prevalence of obesity in this population.
